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INTRODUCTION
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= Starting from MWPCs with Csl photocathodes (RD26, our direct experience
for COMPASS RICH)
= MPGD to (ageing, instabilities)
= MPGD to have intrinsically (rate capabilities)
= Single photon detectors by MPGD technologies for the
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EVENT DISPLAY
(no image filtering !)
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A CHLCVE/MC Lll-

= MPGD based photon detectors ACCOMPLISH
THEIR MISSION in COMPASS RICH

= stable gain and large gain
* fine resolution
= good number of detected photoelectrons

= Technological achievement - for the FIRST TIME:

* single photon detection is accomplished by
MPGDs in an experiment

* THGEMSs used in an experiment

* resistive MM used in an experiment
= MPGD gain > 10k in an experiment
= gain stable at 6% level over months
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- 7 years of R&D

= Deep understanding of THGEM with reference
to the single photon detection

= Mass production, quality control and out come

NOTES: material organized in logic order

(not present according to a chronological sequence):
highlights of interest here

(the whole exercise includes much more)
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METHODS &
INSTRUMENTS
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Characterisation of small size (30 x 30 mm?) THGEM

prototypes

Single layer arrangement
Multiple layer arrangement
Using X-ray sources

Using UV light sources

Cherenkov light at the test beams

Analog read-out, single channel
Digital read-out, 1 channel per anode pad
Read-out of the current on the various electrodes

Towards large sizes

INTERMEDIATE STEP: 300 x 300 mm?2 prototypes and

test of detector of this size

o Economical and practical considerations ik
o Engineering development possible with

this size

FINAL SIZE: 600 x 300 mm?2 prototypes —> production

Sl B Jravrav)

30 ¢80 e

~50 different THGEM
samples studied
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1. UV- LEDs also called germicidal ray (disinfection)
« The first one used: Model UV LED-255
by Seoul Optodevice Co., Ltd, Seoul, Korea (South)
=  Central wavelength: 255 + 10 nm
=  Reverse bias: pulse width a few x 10 ps

spectrophotometer mﬁsurement

2. PLS 265-10 (pulsed LED) and |
controller sooo| ook 208 |

PLS 265-10 i
peak @ 269

by PicoQuant 6GmbH, Berlin, Germany

= (600 ps)long pulses p—— \\“ —
| 220 240 260 280 300 nm

= up to 40 MHz

TUNING THE LIGHT INTENSITY
SINGLE PHOTOELECTRON MODE

3. At test beams:
Cherenkov light (CsI is a must)
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VDV

—u Standard SFe sources —

=  Mini X-gun (Amptex, 10 KeV) station (used for quality control)
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READ -0OU —1ALN

R&D

Analog, single ch.

1)

= ORTEC preamplifier
model 142

= ORTEC amplifier
model 450

= Analog Digital
Converter (ADC)
LeCroy model 2259

2)

= CREMAT CR-111
charge sensitive
preamplifier

= a CREMAT CR-200
shaping amplifier

=  MultiChannel
Analyser (MCA)

model 800A by
Amptek

Digital, multich.

= FE: C-MAD chip
= min thr. 2 fC

= F1 TDC

= resolution: 108 ps

(used for COMPASS
RICH MAPMTS)

NIMA 587 (2008) 371

EXPERIMENT

Analog, multich.
= FE: APV-25 chip

=  Noise coupled to the
hybrid MPGD photon

detectors: 900 e-)
(used for COMPASS RICH

" P. Abbon etal,,
2 NIMA 589 (2008) 362
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1) Commercial, 1 ch.
= Keithley 6517A (current res. down to 0.1 pA)

2) Home-made, battery powered (fully floating)

: a current-voltage converter, based on an operational amplifier with very low
input current, a high precision ADC

= aradio controlled data acquisition unit and the computer-based control,
visualization and storage

= Precision ~0.1 pA, current AV up to 8 kV

|[ﬂ/ T RA
Rsyunt g En Eour

@, {-7 . O

Ra +R
Eout = liNRsHUNT (%)

B |
(—= '\1 |:| E.

M. Bari et al.,
PoS (MPGD2017) 068
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- hole by hole GAIN maps
= fine step (~ 100 um) EFFICIENCY maps

Attachment
- __ to actuator

1
g WV LED

/

THE LEOPARD

Light source and optics
on a moving table

18.5

18.0

17.5

Phaoton Yield Map (Run22)

150

Exchangeable
) 17.0
pinhole =
E
> 16.5 100
Quartz lens
16.0 L nl
diaphragm
i i Efficienc -
155
Quartz window
map
Cathode 0
TGEM 7.5 8.0 85 a0 a5 100
X [mm]
Wire plane
G.Hamar and D. Varga, NIMA 694(2012)16
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THGEM

MUNUFACTUTING
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e = — etching from hole edges

p w/o image transfer
230,81

etching from

hole edges w
image transfer

e ]

CERN aproach
R. De OLIVEIRA

traditional technique:

3

PROVA C7

~ - Global etching:
- -No photoresistive :
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1) M PRODUCTIO

_ i
- our choice (for “no rim" THGEMs)

FINISHING PROTOCOL

industrial phase: only drilling,

followed by a finishing protocol » polishing the surfaces by orbital grinding
machine using fine grain pumice powder

I (60-100 um);
* removing remnants from the surface and by
Il B E N

high pressurized water;
d ” « smoothing the THGEM surface and hole edges
e il by an ultrasonic bath with high PH solution
0f'|' Sl ﬂg (SONICA PCB Cleaner4, PH: 11) at 60°C
temperature for two hours;
* rinsing with distillated water;

» drying and complete fiberglass
polymerization in oven at 120°C for 24 h

.---(c) flberglass remnants
msude the hoIe SANALG
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THGEM QUALLTY

Hole Gain

N,

“hole by hole"” studied using the LEOPARD o
EI:IFT \\::;L: N " 25
) GAIN MAP '

THGEM under study QORR 5 BB B
MM for signal amplify. — 20
‘ 15
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THGEM GEOMETRY
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UNDEER

ANIDIN

DRIFT SCAN

the optimal drift filed guides the
ionization electrons into the holes

NOTE: two different scales
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1. Fast evolution (~ 1'-20"

2. Long-term time-evolution

THGEM geometry: | pitch | diameter | thickness | rim annulus width - - - - -
) THGEM geometry: | pitch | diameter | thickness | rim annulus width
type mm | mm mm pm
type mm | mm mm pm
A 0.2 0.4 0.2 40
B 0.8 0.4 0.4 100
C 0.8 0.4 0.4 0
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250 — 2000 Type B, DV=1750V e 1
[ ] ® ° ® ®
= ° L
°
% 2002 1500 ° :
g, z °
I 5 °
150— 1000 - . * _
- [pl:uf L
E':'D':'-Dmh:mnnlf “myp O (RS 1 ML I wp d
1061— S0, o diag T o, R o o Type C,DV=1330V
o |:| D _OC- R _
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0 5 10 15 20
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. ]
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Long term studies measuring currents
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M. Alexeev et al.,
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3 A SLOW movement of ions in the PCB fibreglass when

1.
power is applied (not dielectric polarization) m—
- EFFECTS:
. The field inside a THGEM hole is modified due to the presence
of a net charge distribution along the cylindrical hole wall
i. at the PCB faces, charge migration from the uncoated rim
I.

region toward the metallized area takes place

= REMARK: the charge accumulation is screened in the
metallized region, not at the uncoated rim annulus and
along the hole wall

3 no rim or small rim THGEMS: the charge distribution due to (i)
generates an electric field opposite to bias one, while effect (ii)
is absent or non dominant - gain decreases versus time

: large rim THGEMS: the net charge at the rim surface due to
effect (ii) reinforces the bias electric field - gain increases vs
time
= \When the detector is irradiated, the accumulated charge
distribution partially compensates this gain JINST 10 (2015) P03026
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Current (pA)

PARAMETERS:
. Diameter = 0.3 mm

PARAMETERS:

* Diameter= 0.3 mm
*  Pitch= 0.7 mm

1 sl 4 mMm

T T T 1
40 60 80 100 ‘f

Gain

1 E . =35KV/cm, E, =1.5KV/cm

induction 2 _ L 220 doft_ 2 L e e - o

3000 —m— Delta V=1.725 KV
—m— Delta V=1.775 KV
—— Linear fit of Delta V=1.725 KV data
2500 4 —— Linear fit of Delta V=1.775 KV data
2000 . —_—
| |
T T T T T T T T 1
0 20 40 60 80 100 120
Rate (KHz)

t

CERN

RECALL:

120 kHz / mm?

120 kHz / mm?2

120 kHz/ mm?, 300 e- -> single photoelectron rates of ~35 MHz/ mm?
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RIM, OUR CHOIC

W >  OUR CHOICE:

~ no RIM, i.e. the minimum formed by micro-etching needed to
smoth the metalic edges of the holes
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Gain
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PHOTOELECTRON
EXTRACTION

& COLLECTION




i Photoelec‘rr'on extraction from a CsI film, the role of gas and E
A. Breskin et al., 10
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AV: 1500 V

ciun  SIHWATA oA ANSYS Values of E, along the “y” axis, for different diameters

N Thickness: 0.6 mm,
diameter:

10000 - g'; mm Pitch: 0.8 mm,
750! 0.3 | Induction field: 0.0 V/cm
—04 Drift field: 0.0 V/cm
5000 —0.5

‘ \ —06
2500 :

R
W

-7500

Ez (Vicm)
o
/
|

0.4 mm diam. hole|
—

-10000

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
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photoelectron trajectories from
a THGEM photocathode, simulation,
multiplication switched off

thickness 0.6 mm, diam. 0.4 mm, pitch: 0.8 mm, AV = 1500V

[E=0 11 |[E=-500V

1 1 || reserved bias

photoelectron lost

X cross-section

E, dipol field

|||||||||||||||||||| "

the holes)

(not entering 1

E=500V
Direct bias

photoelectron lost _

----- field too low

for extraction)

(far from the hole,

CERN 6-7/4/2020 THGEM for COMPASS-RICH
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MEASUREMENTS AT THE TEST BEAM

B

DRIFT SCAN
at a test beam

n. of counts above a fix threshold
normalized to n. of triggers vs Ep,

Counts with fixed threshold vs Edrift

® @th 10
[ ]
® ose [ ] @ th 20
g “.. @ e -
o« ® ®e o . Integral of the exponential spectrum
5 [ ] “. [ )
1‘: ® “. [ ] L ® u .
. «. . normalized to n. of triggers vs Ep 4,
- L ] ® e
. ¢ 1 | two different ranges are fitted
E 15 @
"";_ " Population of the light spectra vs Edrift
2 45%
:‘3‘ . eth10 "
’%4% ®th20 3 l‘g" o!l®
S 35% & 1 L4
9 * ® * H
: 7 2 30% e * 0% b gl
-1000 -900 -200 -700 -£00 -500 -400 -300 -200 -100 [+] 100 200 300 400 S00 600 700 200 900 1000 9 ] ‘.
Edrift[v/cm] _E i ° .
5 8 P
2 20%
E‘ 15%
10%
5%
(1.9
-1000 -800 -800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 900 1000
Edrift [V/cm]
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So far, only information about the best drift field setting

Here, the key question is answered: YES, it is possible to effectively extract

photoelectrons from the WHOLE surface

0 V/cm -100 V/cm -1000 Vicm DRIFT SCAN

i

o

0 .

b -

] [Lv]

m e

@ o

= a

Y =
=
o
|-
(¥

Z @

2 o

.E o

O (=)

b =

o o

M. Baruzzo et al., : all | N e ¥
Submitted to NIMA | +100 V/cm g /cm +50eefTcm +1000 Vicm
|
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LARGE-SIZE

CERN

6-7/4/2020

THGEM for COMPASS-RICH Silvia DALLA TORRE

33



DESIGN ISSUES

Segmentation Segmentation studies
=  Limit € 2 limit discharge energy Voltage breakdown measured
* "bad” segments: isolated for 20 different geometries

= segment surface: O(100 cm?)

- C (0.4 mm): O(1nF),
E(1500V): O(1mJ)

-2 300 x 300 mm?: 6 segments
= 600 x 300 mm?: 12 segments

Maximum voltage for Strip of Thickness 1 mm

— 3500
% 2500
E 2000 .

£ o) 0.7mm > 3%
5 100 dead area

[1"]
= 500 -

N
Q{J’ Q?‘ Q@ Q‘p '\{J’ '\P‘ \%’ '\[p Vv "I:J/

N 600 x 300 mm? 5 som | /./

Distance [mm]

300 x 300 mm?
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Size: 600 x 300 mm?

Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm

12 sectors on both top and bottom, 0.7 mm separation &

...........................

JOOOOO0OO0OO O000000000O0O0O0O0O0O0O0O0OO0OO0OO0
Oo| |O

[¢]
0000000 [eNeNeNeNeNoNeNoNeNoNoNoNeoNoNoNoRe NoNoNeo o]
O0000000| [OO0OO0O000000O0O00O0O0O0O0O0OO0O0O0
0000000 O0000000000O0O0ODO0O0O0ODO0O0OO0
O0000CO000| [OOOOO0OO0OO0OO00O0OOO0OOO0O0O0O0O0O0O0O0
J0O0000CCO O0000000000O0OO0OOCOOO0O0OO0O

24 fixation points to guarantee THGEMs flatness

ER TR e S rE EAGFA AR ASER S 8§ R
TEIEEEE R R R R R L
R R R R RN R R B i
Pty B B bl in (R R E RN N

1;;--:.-1!--#-!.!. border holes diam.: 0.5 mm Y Y YL

[ R R NN R A .

I':.‘:. st 1 hor e A b Ll -rl . '\-.: :i':p':l-:l':lli'l'::::t‘:
TETR AT R N RN N . - ) : .

;-l‘l?'i-‘.l‘l"-!‘-‘il‘l."l*i.-l.lli‘ll‘!i__' IR NN ] ssEsERRERERERD

e L T T RS w T - S S iy
.-t:.-;‘-‘.“._.'.i_*“'.-1‘. : ...li!-.-lill-"l‘lliﬂi"‘

FassEEsERRENRAREEEBLE

L RO R R RS R e
Ll-lutlillnqr-tilnlthili
B =

"'r'-—w!—- e '_"_‘;"\-.' e _‘J
G . l
i) .
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ROLC ON
Gain in THGEM 300 x 300 mm? (°°Fe spectra):

750 um - — . =4 700 um | Gain Uniformity

AN :

=
.
-

- ’L ' E =i
11N 1 2

E_= Energy Resolution Uniformity

| F
A

5 E— 3 - = [ ::AA. ;—
J\ 780 um : S | A/\ ;_
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SELECTION OF THE RAW FIBERGLASS FOILS

Marmo Wlth terma"zation

1| the difference between two reference
«|| plane measurements at the beginning
and at the end of the day gives a
)| distribution around zero.

700

1975

The Mitutoyo Euro CA 776
Coordinate Measuring
Machine (CMM) -

=)

L% & & b O N B O @

=)

Foils blocked onto t!
reference t e by u essure .t
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First step:
remove a 20 cm
wide frame all
around each foil

* Analysis program is
complete, and have fast
running time (~20 minutes)

+ Measured area: 70 x 70 cm?

- 1296 (36 X 36) points

* Average THICKNESS =
470pm

< All 50 foils measured &
analyzed

+ 300 x 600 mm? area has
sigma thickness between 2
and 3 pm.

* The Delta THICKNESS is
between 10 and 20 ym.

PCB Area: (Here Thick green box) = 800 x
800 mm?;

Measured area: (2D color plot) = 700 X%
700 mm?;

needed area: (Thin Red boxes) = 320 x
620 mm?;

THGEM area: (Thick yellow boxes) = 287 x

581 mm?;
Calculate:
MAXTH - MINTH
TH= X 100%
MIN;y
Pieces ranked according to the values of A,
Distribution of Delta Thickness (A, = (MAX_,, - MIN_.)/MIN_, x 100%)
o 49 pieces 38 pieces 13 pieces
g IRREERE -
o o o
49 p.cs: 2%<A<3%
-2 Max-Min <15 um ‘
° LU IFC I T O I e L R R . o r.‘-“r.."’;t" PPN ) “J«;‘E&- 111111111111111 GG ‘}‘_@,
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600 x 300 mm= THGEMs

L —

RESULTING UNIFORMITY from GAIN MAPS (°°Fe spectra)

UNIFORMITY r.m.s. : 7 %

< GAIN #F01 < GAIN #367 <

11112 &0 78 g5 34 142 1M1M2 810 T8 ] 3(4 102 1112 910 78 5/8 34 112

—
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: - » T \/
[
gl
DISCHARGE RATES in single layer - [T=E
THGEM . e 8
'E" Paschen measurements in N, e
2o
i
ug;_ﬂ
X-ray THGEM test to access gain uniformity - . B R _®a
(<7%)and spark behaviour o s = m; 4 'mu' ' 1;@
- Voltage (V)

100

Spark rate (h*)
10

bad
THGEMs

Thipeam-343

g
THGEMs

12

10

_|_

+ Ihgem-iEEIE
Ilig|n-|||--ﬂl'|:

hgem- 418

Spark rate at 1250 V (h")
4

2

_|_

_|_

© 1960 2000 2100 I 2200
1050 1100 1150 1200 1250 1300 1350 Measured Paschen LIMIT (V)
Voltage (V)
Correlation of PASCHEN LIMIT vs SPARK RATES
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PERFORMANCE

in COMPASS RICH

CERN
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: N
= Typical HV = HV segmentation
/ -
values » -3400 V
»-3200V
~ -2000 V
/ -1700 V
- 500V
0
FUSED SILICA WINDOWS /f + 600 v
= il
s e So far: )| MMHV
O e T T 22 HV ch.s | [
MEsH . Smm : _ per
J— J_JLJ 4 ":‘;LL detector,
4
detectors
iLIRCE
L ] . .
I
THGEM, top face . l R1 L R Ral R3S Re
(bottom is analogous) uopFI 'G§ ' 1G§ 1 ’G§ e
= Yy y \ 4
- D1 D2 D3 D4 D5 D6
o Q o
TOR1 TOF 2 TOF 3 TOF 4 TOF 5 TOF 6
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el \ / .‘ b.

/

[MAIN CHALLENGES

In total 136 HV channels with highly correlated values
stabilize and equalize the gain in the 16 sectors
Gain stability vs P, T:

= G=G(V, T/P)

= AT=1°C 2 AG=12%

= AP=10mbar 2> AG=20 %
THE WAY OUT:

= Compensate T/P variations by V

30 F
25 i Xx " : 4 :
S B e -
15 = o "< P ® * PD2
10 & ¢ P i « PD5
p— . 'y - PDﬁl-
0
* J = = ], 2
Spark rate/d per detector
e
o .
12E = s + T
102
8-
Gain uniformity at the 5% level!

T T T

Uy,&ﬁy,

J. A arwala et al. S00p,50715,50015,5035,5041 505,506 5,5071,S085,5095, S 106,51 155 125,S 135,514,515,
The HV sy3tem NIM% 942 (2019) 162378 0 P 118, 0 08 1SS0S 08 S 178 PO 08 17
Hardware in the experimental Hall Sector ID
HV Crate | s— i = : il
P/T sensors ey [ybrid Detectors| | 5 Gain stability at the 6% level !
__________________ | I [ . I =
(DIM) | = BE
[ I (CAEN HV Control Protocol) = P iy . .
rh it L]
I r - | 16 N 1P£l: _:.L L & ;:; :h “lr "f;l:h ) i i :j‘
I I i I 14 ‘ s " Loa . & e ia. ‘il '
I H : JveM control Terminal 2 B ain_fiuctuation
| == Hybrid High |« 1 = i o
(DIM (HVEM) 10 37F Mean 1556e+04
I ! Voltage Control|«— st s s
—- (=10] 3 b : - EX
¥ L l' (DIM) b I o Jx10’
(HVCM) 6 I%[i 12 14 16 1§ .20
COMPASS Detector|(DIM) P IR PP P RPN T e - N EPOPIN PP
)] |t2rpreter]  HWOME Custam made TCR/IP messaging protecol 0 D1 nd ni 7 14 14 g 2
I:Cl nt rCI| S";Stem DIM: Distributed Information Manage system used by CERN
OPC: Protocol used ot CERN sllowing communications betwesn
any compliznt components regardless of vendor -
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Studying segment by segment in situ

ANALYSIS OF THE RESULTS

< = 2] 7 £ o

25

20

15

1%

806 100¢ 1100 1200 1300

Number of sparks

25

20 -

15 -

10 -

i

A\

- 2 dedicated voltage distribution boxes built
= 6 segments per box, independent HV supply
o Dedicated software control tool
THE TEST LOGICS B
1300 | . % 4 zz
1280 |- ‘ .. -. .. .. 1 % * z:
1260 ® . Q 15
. . .. U) 2l 10
% 1220 - 0900 1000 1100 1200 1300 °
s oo | Uthgem [V]
= . TIME at the given HV
eo - @ 1 step every 10’ o ———
T dot size ~ N (n. of sparks) |
7 Voltage decreased when N > 47
timgr 0
CERN 6-7/4/2020 THGEM for COMPASS-RICH

1100 1200 130¢

Silvia DALLA TORRE &F”

< - 3] W £ o

900 100¢ 1100 1200 1300

Spark rate (1/min)

&)

o

L&)

< P = :" R MWW s R
. ¢ B
[] L&)

900 1000 1100 1200
~ ]

\\\\\\\\\\\

130¢
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Feeble sectors, study of the bottom chambers, powered by dedicated HV channels

THGEM 2 PD1
Repeated :neasurements 1300
Bad segment that matches with what 1250
observed during the 2016 run 1200 Lo °e, ..
[ ) o|@®
\ THGEM 1 \ 1150 coe 0 @ .« °° e*®..
1350 |- « G - 1as0 1100
. Sector 0,0 Sector 0,1 | Sector 1,0 |Sector 1,1
ac 1050
1300 | . Yy - 1300 1000
- s . 0 5 10 15 20 25
1250 “ - 1250
PD2
1200 - D 7 120 1300 ° ° [ )
1250 .o %
w8 @ & @ B @ & & @ 41w ® .®
N - BN N 1200 .
g g g g £ g £ £ £ 2
1150
1100 1100
J 1100
Y ) 4 1050 Sector 0,§ Sector 0,4 Sector 1,) Sector 1,1
Chamber PD1 Chamber PD2
1000
0 5 10 15 20 25
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THANK YOU
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INFORMATION
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2) large rim
I

etching before drilling

| RN spproseh 100 m i
3) small rim , globql efching | Proposed
I .. = - | Dy BLTOS
——————————— "
N
I e = " uniform and smooth
=R P B

20 pym galvanic tin 25 pym rim

instead of photo-resist Microetching: very small rim
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standard GEM foil

800

G. NYITRAI et al.,
AIDA-2020 3Rd annual meeting, 2018

790
780
770
760
750
740
730
720
710
700

CERN
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ar PRODU ON D
S
N
= !

Dependence from the

production details

30 um
Geometry scan - t = 600 wm; Electrode Radius comparison
| Cu I I -0,15 i
N 02
hole 0,25 ZOO' I l
N 'UJ-EI
- b I
. ; g, il
fiberglass Y .S SN 1 et 1 N L
. - b AL e g ' ™ H |
w045 SN R T s *,{.;9 3
etry scan -t = wn; Electrode S COMpAarison '015' m— L d T e e A Ih-lll' :I'a. I
o Gmm!tn,r t! GO0 ,!Ele trod R!a-:i.l p! __ :,:..__- ool : Al ”1: iill
055 : t ; VIR
N I
L '0:’5 i i . a_" .
S P PUSNEL FTUVPTSUNPON SONRNOPPOOOOS SPOPOY Lt TE W, I.'|:fi 'l? |
E : ; -950 -900 -850 -800 -A50 -700 -850 -600 -550 -500 -450 400 -350 -300 -250 -200 -150 -100
z : 5 ¥ coordnate [um]
Woesr
100
for different hole
diameters : L ;
e B 1 R L = ) .
. e ar e 0 o o o Sharp edge, Radius 15 um, Radius 30 um
coopcinats Tumd

CERN 6-7/4/2020 THGEM for COMPASS-RICH Silvia DALLA TORRE &:r? 51

di Fisica Nucleare



Microscope with direct USB
interface to any PC:
Dino-Lite AM7013 MZT

(x 250, 5 Mpixels)

RIM measurement, method:

*Microscope Image
simported in AutoCad

«fit of the circles

scale calibration using the

radius of the hole (mechanics,

i.e. good precision)

CERN 6-7/4/2020 THGEM for COMPASS-RICH

Silvia DALLA TORRE

di Fisica Nucleare



QIM X HV

=  the absolute scale of the effect depends on HV
= the relative effect is ~ independent from the applied HV

~20 pm rim

Anodic Current [pA]

ol % _— o —_— |Continuous Iradiation |
OrEE 1 detta:v=1450v |

_50f ______________ R T — — S SESERPS Nu— e — T _

o 1 2 3 4 5 6 7 8 9 10

time [hours]
HV ON M. Alexeev et al.,

JINST 10 (2015) P03026
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JNDEK ANIDTN {F RTA
X-ray measurements
NOTE: two different scales
1100 T T T T T T T T
oo RI M: 1 00 um T H G E M 1000_- RIM: 10 ”,m /./.—0—0—0—0—0—27‘ 56000
] ) A t 5500
PO 900} / I
o &RIM|| |- 77,
E 4000~ O ] /././. A//‘ L 4500
I A QZ, - /./. e L 4000
oo A IM: 10 um © s o aA e | 3500
'/ R :g a0 A7 4 NO RIM ;3000
1 / ’-’. -\.\l\.\ L
\ 0 ITA : 7 . ; ; ; : : | | No RIM m 300—- //" -\l\.\.\-_-i-\._._ L 2500
\ 0 2 4 6 84 0 12 14 16 18 20 2004 : - L
S T > 95 o0 05 o 1 2o a5 3o a5 1
N Eprirr (kV/em)
zoom <
K ;
DRIFT | _
1200 “ - g:gjlgﬁnm S C A N :\; % _ .
é 1000_- —— Std_100_pm N 45 A ) -
£ ] B S ol - .~ " NORIM
é 1 o -V - 1 A //
600-. 2 35 -/: A, aA s
- ? o /" RIM: 10 pm
o_- THM e 25_- ‘ /:/./:\/ 0%, o - o o
0 2 3 5 > ‘0\:5“:?"3-’3" o %00g00,,%% 00" %
Time (hours) E’ 20
d:’ OI,O I 0:5 I 1:0 I 1!5 I 2:0 I 2I,5 I 3:0 I 3:5
Ll Eprier (KV/Em)
S. Dalla Torre et al., DRIFT
I[EEE — NSS 2008 , Dresden 19-25/10/2008
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M. Alexeev et al.,

IBF: lon Back Flow

- good reduction by hole staggering —

JINST 8 (2013) P01021

A -aligned

Same voltages

Effective GAIN (x 10°)

s A
Drift Field =
7.6 mm r
s
1 : ]
— DV_1 ,
2.5 mm 5 TR 1 4? -
DV_2 B
2.5mm 3 TR 2 3 } B
e - DV_3 L
2.0 mm L i C
A Induction Field 5 E - ’T‘ IT‘ m m
—~ L
E T
: : o -
M -misaligned g L] _
- I
D N ofEs] M S
£ L S
w r 3
7.6 mm 5 S
r =
1 C L
E— = DV_1 4=
2.5 mm 5 r
= — == DV_2 3
2.5 mm 3 L
— DV_3 -
2omm | - 2] () (o) (o) ] ) [2] (] o] o] (o) [om])
- =]
:\\\|\\\|‘\\\‘\ll\‘l\\\||\\\‘\
1 2 4 5 6

Errs (KV/cm)

Lower gain (~ 50%) : high V to recover

IBFR (%)

;e A

ém = O]

- =

C

a [+] [=]

Sy ]

oo OECEENE

/ M
[=]

- o

f_ IBFR < 5% !

T2 =]

Errs (KV/cm)
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=  Calculation of ELECTROSTATIC CONFIGURATIONS
= Commercial tools, operation not trivial
Comparative study using Ansys® and Comsol®
N after fixing some bugs (by us) now
/:1 satisfactory agreement
o Comparison - ANSYS vs. COMSOL
g S S S T T
81— —=2€— COMSOL
o —o—  ANSYS
Test Lifie — in median direction ' :
(0.0001 um above the surface) 1 —————————————————————
| 1000 :; I
| : |
‘ (4] 20 40 e 80O 100 120 140 160 180 ;i!s]:;niiiEpi?][lﬁiiﬁ:;uzdﬁh{:ogtt]:ei 1 340 360 380 400 420 440 460 480 500 520
1 < 0H 2 /— ZOOM =
) ./f" /’f-" -2.5 m%\?&;\ - “' f%g
3 ) N /f
‘ -3.5 \%"e y§_
I . de edge ) f
- s e i
. .—].CIU 10 “ y“'L ° 330 335 340 345 350 355 360 365 370
CERN 6-7/4/2020 THGEM for COMPASS-RICH Silvia DALLA TORRE &Q
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THE ISSUE 2/2

Cilin JS/H\/LAM o4 ApSys
AV: 1500 V AL Ftks ot
More about E at critical point 1 Electrostatic calculations
Values of E, along the "y” axis, for different diameters Thickness scan using COMSOL
Only 2 relevant parameters: (AV = 1500V)
diameter: [— Thickness: 0.6 mm, 1 . Actlve Surface
10000 0.1 mm—— Pitch: 0.8 mm . 500 500 700 800 200 1000
—0.2 : € mm, 2. thickness TTTTT
750! 0.3 Induction field: 0.0 V/cm - om0 [
04 Drift field: 0.0 Viem Active surface: 87% e
5000 - —05 N L |
\ — 06 ° et HEm
2500 * A /._,,..- _ ERRRS
: o, L T Lt -
:‘E ° /I\T G ~° | Active surface: 83% ™ il e
-2500 —_— E e ‘ ;,,4/ '\ [ emoss desoo
b \A/F/—” ;g >l \. o e
-5000 5 Z T \ T i 0.77, d=500
k ) I.IJN =077, d=400
7500 0.4 mm diam. hole] g \\
-10000 ; ‘ ‘ ‘ ; | | d/p=4%
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 7/ 11 | Active surface: 77%
y (cm) v Y . 1T %
N
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